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Abs伽ct-RecentlymarIne･poⅡutIonbyhIgh･viscousoIIleakedfromwreckedshipｓｈａｓｂｅｅｎｂｅｃｏｍＩｎｇａ
serlousprobIemlntheworId、JapangovernmentIsrenewIngoIdoIIrecoveryvesselswithnewconcept･Ｔｈｅ
oIIrecoveryvesseISareavaIIabIeｏｎｔｈｅｏｐｅｎｓｅａ,butunworkabIeInanarrowspace･Wehavedevelopedahandy 
oIlrecoverysystemwhIchisportabIeandusedforsuppIementIngtheweakpointoftheoIIrecoveryvessel･Ｔｈｅ 
systemconsIstsofawaterjetoiI-skimmerandagravltyoII/WaterseparatorbTheoiIskImmerhasahIgh-pressure 
waterletpumplnsIdethesuctionmouthandaIongshaftWhlchlsusedasacondultoftherecoveredfIuIdasweII 「
asasprIng･hanglngdevicewhIchenabIesanoperatortoeasllymanlpuIateItfromthedeCkoftheshIp・After
3･yearresearchandexperIments,wehavecompletedthesystemofhandyoiI-skimmersuccessfuⅡyBThesystem 
willbesooninstalledonourolIrecoveryvesseIs． 
１．Conceptofahandyoil-skimmersystem 
Aman-poweredoilrecoverymissionusingbucketsorIadIesisdirtyandheavywork・Itwasreportedthatittookaday
IbronevoIunteerworkertorecoveraboutoneoiIdrumofhIgh-vIscousoilIn1INahotokamoilspilIaccIdent・EspeciaIlywhen
themIssionIncIudesIiftingtheoiIfromtheseasurfacetothedeckoftheship,theworkissohardbeyOnddescrIptionthat 
１ 
Ｉ｝， 
theworkercan'tgOonthejobmorethanseveralminutes・TblmproverecOveryworkefficientIybthesystemshouldsatisfy
thefbI10wingrequirementsandconditions： 
■ＰＯ脂bﾉｶﾞtyL-ThesystemshouldbeIightInweightandeasytOhandlesoastoalIowtheoperatortocarryandmoveit
andcontinueworkforalongtime． 
■OjMscos町桓nge---ThesystemshouldrecovervIscosityofspⅢedoiIfromIowtohigh．
■Seacondrl7On---ThesystemshouIdworkweIlnotonlyonthecaImwaterbutaIsoontheroughsea。
■RecovelWale--TheoilrecoveryratelsgeneralIyanimportantfactorfOrtheoiI-skimmers､Butforthesupplemental 
usetosupportthemainollrecoverysystem,thesuctionrateof2m3/hrIsenoughfOrrecoveringthesmaⅡoiIpatches 
scatteredaroundtheoiIrecoveryvesseIsthatthemainoiIrecoverysystemcan,tretrieve． 
Fig.１showsourbasicdesignofhandyoiIskimmersystembasedontheaboverequIrementsandconditions． 
AwaterjetpumpisseIectedasabestpumpingmethod,sinceawaterjetpumphasaverysimpIemechaniSmas 
showninFig2､DuetoitssimpIiCitybthesystemIsexpectedtohavelighterweight･TheprincipIeofthewaterjetpumpiｓ 
thatvacuumisinducedaroundhighvelocitywater・ＩｎＦｉｇ２,high-pressurewaterissuppIiedthroughthepipefOrdriving
waterandinjectedintothepipeforrecoveredoII/Waterinahlghspeed． 
Fig.１BasicdesignofhandyOiIskimmersystem 
２ 
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Fig2Mechanismofawaterjetpump 
ⅡDevelopmentandexperimentsofthesystem 
ADeveﾉOpmenrofahan〔iyojV-sk1mmer
（７）花sling-mode/ofａ/7anClyojｿLskjmﾉ77eｒ
Inthepe｢fOrmancetest,atestmodeIofahandyoil-skImmerwhosetotaIIengthisabouta4mwasused､Length 
wasdeterminedexpectingthatthesystemwIIIbeusedonalargeoilrecoveryvesseIwith1.6mfreeboard． 
OiI-recoveringcapacityisnotnecessarytobesoIarge,sowesetaminImumtargetpointat2m3/hrbMaximumpressure 
OfdrIvingwaterisdesignedat4MPaconsideringsafetyfOrtheworkers､Pumpingrateisabout60001/hrofpurewater 
whenthepressureofthedrivingwaterisat4MPa． 
Tbresearchtheshapeoftheskimmer-headsuitableforthesystem,oil-recoveringexperimentsusingthreekindsof 
basicskimmer-headswerecarriedout､ThetestmodelsofthehandyoiI-skimmerweremadeofaIuminumalIoyBIypｅｓｏｆ 
basicskImmer-headaretrumpettype(typeｌ),pantype(type2)anddustpantype(type３)havingdifferentoiI-hoIdmgspace． 
３ 
②ＯｌＬﾉecove'7,9e)のem77entsC 
Oil-recoveringexperimentswerecarriedoutonawavywatersurfacelnatesttankusinghigh-viscousemulsifiedoiI ■ 
whichwasmadeofbunker-Coilandwater､ViscosityisaboullxlO5tolOxlO5mPas・Thetype3recoveredoiI1wiceas
muchastheothertypesdoTheexperimentsshowthatthevo1umeofthetemporaIystorageaIsoaffectstherecovery 
performance､ＴｈｅoiIrecovelysequenceusingthetype3skimmer-headlsbasicaIlyarepetitionofIadlingtheoilpatches 
andsuckingbythejetpump･Thejetpumplosesthesuckingforcewhenitisexposedtotheair・Thetemporarystorage
shouldhavethevolumeIargeenoUghforthejetpumptokeepsuckingIiquiduntIItheneXtladIingOntheotherhand, 
excessofthevolumeofthetemporarystorage,whichretrlevesmuchwaterbesIdestheoiIwhiIeIadIing,adverseIyaffects 
therecoveryperfOnnance・IntheexperimentwIththewaveofabout1.0secInperiod,thebestperfOrmanCewasfoundat
thestoragevoIumenormalizedbythepumpingrateofaround1.0sec,whichmostIycorrespondstothewaveperIod． 
B､Ｏﾉﾘ/WalermoUghsepa旧わ「
TheonIyoneweakpointofthewaterjetpumpisthatrecoveredoIIcontainsmuchwaterbForshIpUse,thefreewater 
shouldbeseparatedtosavecapacityofoilstoragetank・Asimplegravitytypeoil/Water｢oughseparatorwasdesignedto
matchwiththehandyoil-skimmerandpemrmancetestwascarriedout・TheaverageofoiIseparationefficiencyis97.2％
fOremuIsifiedoiIand85､5％forbunker-Co1I.(Separationefficiency:PercentagecaIcuIated,comparingoiIfractionbefore 
separationandoilfractionafterseparation)EvenfOrhigh-viscousoII,theseparatedoiIflowsoutfluentIybbecause 
hlgh-vIscousoiIismixedwithwaterwhenpassingthroughthewater-jetpump､lnsidemechanismoftheoil/Waterrough 
separatorisshowninFig3． 
４ 
U２ 
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Fig3Cross-sectionoftheoil/Waterseparator 
ＣＳｋｊｍｍｅﾄsuppomhgappaﾉaｍｓ 
Weightoftheskimmer-headattheendoftheshaftdirectIyaffectshoweasiIytheoperatorcanmanipulatethesystem､Ｔｈｅ Ｇ 
operatorhastosupportthecantileverattheotherend・Eventhoughthemassoftheskimmer-headitseIfIssmalI,iｔ
generatesverylargetorqueattheoperator，ｓｅｎｄ・Thehandyo11-skimmerweremadeofaluminumalloybTheweightofthe■ 
handyoilFskimmerwassⅡmmedfinaIlyto5kg,butitwasstⅢheaWforapersontohandIeitfOraIongtimewithoutany 
supportingdevice・Threetypesofsuppo｢tIngapparatuswereprepa『edandtested6``RoⅡerIype,'isahandlingmethodof
PuttingthepipeofoiIskimmeronaroIIerfixedonthedeckfloorandmanipuIatingoilskimmer6"ShouIderbelttype"isａ 
handlingmethodofhangingoilskimmerontheshouIderusingbelt.``Hangingtype,,isahandlingmethodofhangingoiI 
skimmerfromthedavitonthedeckfIoorusingspringbaIancer."Ro1Iertype"wasnotusableunIessheightoftheroIIercan 
beeasilyadjustedtomatchoperator'sheight.``ShouIderbelttype''wasnotsultabIelbecausediStancebetWeencenterof 
gravilyandpositIonofoperator'sshouIdercausestorquefOrceonthehands・ButthistypeisseemstobeheIpfUIfOrusing
onafIatpIaCelikebeach."Hangingtype'',whichconsistsofadavitandaspring-baIancer,ｗａｓｍｏｓｔｕｓａｂｌｅｔｏｂｅｕｓｅｄｏｎ 
Ship，sdeck． 
５ 
D・加ns灯ofﾉeCoveﾉBdoﾉｿ的ﾉ℃Ug/7pjpe
High-visCOusoilrecoveredwithahandyoiI-skimmershouldbetransferredtoastoragetankthroughpipe・Afterthe，
seriesofeXperiments,itprovedthatdriving-waterspoutedfromwaterjetpumpbreaksamassofhigh-ViscousoiItosmaIl 
particIes,anddispersestheminthewaterflowresultingindrasticdecreaseofthefrictionlossinthepIpe． 
Ⅲ､Concludingremarks 
Inthisstudyiahandyoil-skimmertosupplementIargeoilrecoveryvesselshasbeenexperimentalIyinvestigated． 
ThefOlIowingsarethemainconcIusions． 
i)ＡwaterjetpUmphasgoodperformancefOrrecoveringhigh-ViscousoiL 
ii)RecoveringcaPacityofahandyoiI-skimmerisover4m3/hrwith4MPadrivingwaterpressure， 
iii)ThishandyoiI-skimmershallrecoveronedrumofnetoilofwhichviscosityis230,OOOmPa､seasilyandmuchfaster 
（IeSSthanl6minutes)． 
iV)FrlctlonfactorlnthepipedoesnotmattersincethewatercontentlUbriCatestheflowinsidethepipe． 
v)Asimplegravitytypeoil/WaterroughseparatorIsveryusefultoseParateoiIfromoiI/Watermixture、
vi)Amethodofhangingtheoil-skimmerbyadavitWithaspring-balancerisveryeffective･ 
After3yearsinvestigation,developmentofahandyoil-skimme｢systemwassuccessfuIIycompIeted､Ｗｅａｒｅ 
cOnvinCedthatthesystemWⅢＣＯntributetoenvironmentalproblem･ThedeveIopedhandyoiI-skimmersystem(Fig.4)ｗｉＩＩ 
besoonappIiedtOfivegovernmentalships． 
Fig4DeveIopedhandyoilskimmersystem 
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